Introduction
The synthesis and reactivity of transition metal carbonyl complexes bearing diphosphine ligands continue to excite interest, both from a synthetic point of view due to their potential applicability to effect organic transformations, 1, 2, 3, 4 and their possible involvement in homogeneous catalytic processes. 5, 6 Late transition metal systems with chelating diphosphine ligands such as 1,8bis(diphenylphosphino)naphthalene with a rigid C3-backbone 7, 8 have been reported to be active catalysts in CO/ethylene co-polymerization. 9 The reactivity of this ligand with polynuclear transition metal carbonyl compounds have been recently investigated by the Bruce 10, 11, 12 and Richmond 13, 14 10 These compounds were formed by the aryl C-H and C-P bond-cleavage reactions of the ligand. They also reported that [Os3(CO)12] reacts with 1,8-bis(diphenylphosphino)naphthalene at 110 °C to give the triosmium compounds [Os3(μ-H)2(CO)6{μ3-PPh2(nap)PPh(C6H4)}2] and [Os3(μ-H)(CO)8{μ3-PPh2(nap)PPh(C6H4)}], and the dinuclear [Os2(CO)5(μ-PPh2)(μ-PPh2(nap))] (Scheme 1). 11 The triosmium compounds are formed by metallation of a Ph group of dppn, while the dinuclear compound is formed by cleavage of a C-P bond of the ligand.
With a view to restrict the subsequent reactions to the C10 ring, they investigated the reactions of 1,8bis(dimethylphosphino)naphthalene with [Ru3(CO)12] and [Ru3(CO)10(μ-dppm)] and obtained [Ru3(CO)12−n{PMe2(nap)}n] (n = 1-3) and [Ru3(CO)9(μ-dppm){PMe2(nap)}], respectively. 12 However, it is interesting to note that a cluster containing an unaltered dppn ligand was not detected in any of the above reactions. Very recently, Richmond et al. have investigated the reactions of 1,8bis(diphenylphosphino)naphthalene with the hydride-bridged ruthenium cluster [Ru4(μ-H)4(CO)12] and the cobalt cluster [PhCCo3(CO)9] and obtained products containing both unaltered and activated dppn ligands. 13, 14 For instance, the ruthenium cluster afforded [Ru3(μ-H)4(CO)10(κ 2 -dppn)] as the sole isolable product; 13 
Experimental
All the reactions were performed under a nitrogen atmosphere using standard Schlenk techniques.
Solvents were dried and distilled prior to use by standard methods. 
X-ray structure determinations
Single crystals were mounted on fibres and diffraction data collected at low temperature (see Table 1) on Bruker AXS SMART APEX CCD diffractometers using Mo Kα radiation (λ = 0.71073 Å). Data collection, indexing and initial cell refinements were all done using SMART 18 software. Data reduction were done with SAINT 19 software and the SADABSprogramme 20 was used to apply empirical absorption corrections. The structures were solved by direct methods 21 and refined by full-matrix least-squares. 22 All non-hydrogen atoms were refined anisotropically and hydrogen atoms were included using a riding model. Scattering factors were taken from International Tables for X-ray Crystallography. 23 Additional details of data collection and structure refinement are given in Table 1 . Index ranges (7), P(1)-Re(1)-P(2) = 87.95(2), C(11)-Re(1)-C(1) = 86.02 (11) , C(12)-Re(1)-C(1) = 171.91 (11) , C(13)-Re(1)-C(1) = 93.81 (12) , C(11)-Re(1)-P(1) = 91.19(9), C(12)-Re(1)-P(1) = 92.98(9), C(13)-Re(1)-P(1) = 172.48(9).
The molecular structure of 1 is shown in Fig. 1 and selected {1.914 (7) Å}. 24, 25 The spectroscopic data of 1 are consistent with the solid-state structure. The infrared spectrum display three bands in the carbonyl stretching region indicating the facarrangement of the carbonyls, similar to those observed for fac-[Re(CO)3L2X] type compounds. 24, 25, 26, 27, 28 In addition to the usual phenyl and naphthyl proton resonances in the aromatic region δ 7.92-6.50, the 1 H NMR spectrum shows a doublet of doublets at δ 4.93 (integrating to 1H) assigned to the PH proton of the diphenylphosphine ligand.
The 31 P{ 1 H} NMR spectrum displays two equal intensity singlets at δ 31.5 and 1.7, assigned to the cyclometalated naphthyldiphenylphosphine and diphenylphosphine ligands, respectively. The mass spectrum of 1 shows a molecular ion at m/z 768 together with fragmentation peaks due to the successive loss of three carbonyl groups.
The molecular structure of 2 is shown in Fig. 2 and selected bond distances and angles are listed in caption. The compound contains a single rhenium atom with three carbonyl groups and an orthometalated bis(diphenylphosphino)naphthalenedioxide ligand. The coordination geometry at the Re atom is also a distorted octahedron with three carbonyl ligands arranged in a facial fashion. The distortion from octahedral coordination geometry is evident from reduction of the O-Re-O angle from 90° in the idealized polyhedron to 74.12(8)° in 2. An interesting feature of the structure is the coordination of the dppn-dioxide through both the oxygen atoms as well as the orthometalated ligand.
To the best of our knowledge, such a transformation of dppn on a metal center is unprecedented. In order to allow the oxygen atoms to be coordinated to the Re center the naphthalene unit is considerably distorted (deviations from planarity in the range ±0.3 Å) in comparison to the free ligand.
The phosphorus atoms lie −0.97 Å, P(1) and 1.11 Å, P(2) outside the least-squares plane of the naphthalene ring system, the torsion angle P(1)-C(16)⋯C (22) 25 The reason for lengthening the other two Re-CO bond distances is probably due the trans effect of the two P atoms of the chelating dppn ligand. The spectroscopic data of 3 are consistent with the solid-state structure. The infrared spectrum displays three bands in the carbonyl stretching region similar to those observed for compounds 1 and 2. The 1 H NMR spectrum of 3 displays four multiplets at δ 8.05, 7.63, 7.37 and 6.83
and two triplets at δ 7.11 and 6.96 due to the phenyl and naphthyl ring protons of the chelating dppn ligand. The mass spectrum of 3 exhibits a molecular ion peak at m/z 802, and fragmentation peaks due to the successive loss of three carbonyl groups. yields, respectively (Scheme 3). Compound 4 was previously characterized by spectroscopic data and single crystal X-ray diffraction studies. 31 We have characterized 4by comparing the spectroscopic data with those reported previously, and the new compound 5 by a combination of spectroscopic data and single crystal X-ray diffraction studies.
Formation of mono-and dimanganese complexes, C-P bond activation in dppn
The crystal structure of 5 is isomorphous with that of 3, and the molecular structure of one of the two molecules in the asymmetric unit is shown in Fig. 4 with selected bond distances and angles in the caption. The coordination geometry at the Mn atom is closely similar to that already discussed for Compound 6 has been characterized by a combination of IR, NMR, mass spectral data, elemental analysis and single crystal X-ray diffraction studies.
The molecular structure of 6 is shown in Fig. 5 and selected The spectroscopic data for 6 are consistent with the solid-state structure. The infrared spectrum displays four absorption bands in the carbonyl stretching region similar to those observed for compounds of the type of ax-[Mn2(CO)9L]. 34 The 1 H NMR spectrum of 6displays multiplets at δ 7.94-7.83 and 7.62-7.42 due to the phenyl and naphthyl ring protons of the diphenylnaphthylphosphine ligand. The mass spectrum of 6 exhibits molecular ion peak at m/z 674, corresponding to its formulation and ions due to the successive loss of nine carbonyl groups.
Conclusions
The 
